Abstract The vertebral body fracture is the most frequent bone fragility fracture. In spite of this there is considerable uncertainty about the frequency, extent and severity of the acute pain and even more about the duration of pain, the magnitude of disability and how much daily life is disturbed in the post-fracture period. The aim of the present study was to follow the course of pain, disability, ADL and QoL in patients during the year after an acute low energy vertebral body fracture. The study design was a longitudinal cohort study with prospective data collection. All the patients over 40 years admitted to the emergency unit because of back pain with a radiologically acute vertebral body fracture were eligible. A total of 107 patients were followed for a year. The pain, disability (von Korff pain and disability scores), ADL (Hannover ADL score), and QoL (EQ-5D) were measured after 3 weeks, 3, 6 and 12 months. Two-thirds of the patients were women, and were similar in average age, as the men around 75 years. A total of 65.4% of the fractures were due to a level fall or a minor trauma, whereas 34.6% had no recollection of trauma or a specific event as the cause of the fracture. A total of 76.6% of the fractured patients were immediately mobilized and allowed to return home while the remaining were hospitalized. The average pain intensity score after 3 weeks was 70.9 (SD 19.3), the disability score 68.9 (SD 23.6), the ADL score 37.7 (SD 22.1) and EQ-5D score of 0.37 (SD 0.37). The largest improvements, 10-15%, occurred between the initial visit and the 3 months followup and were quite similar for all the measures. From 3 months, all the outcome measures leveled out or tended to deteriorate resulting in a mean pain intensity score of 60.5, disability score of 53.9, ADL score of 47.6, and EQ-5D score 0.52 after 12 months. After a whole year the fractured patients' condition was similar to the preoperative condition of patients with a herniated lumbar disc, central lumbar spinal stenosis or in patients 100% work disabled due to back or neck problems. Instead of the generally believed good prognosis for the greater majority of those fractured, the acute vertebral body fracture was the beginning of a long-lasting severe deterioration of their health.
Introduction
The vertebral body fracture is the most frequent type of osteoporotic fracture [12] . Approximately 30-50% of women and 20-30% of men develop vertebral fractures and half of them develop multiple fractures during their lifetime, compared with a 15.6% lifetime risk of a hip fracture [50] . The annual incidence rate of a vertebral body fracture in women over 50 years of age has been found to be 17.8 in 1,000 person-years [43] . In Sweden, a remarkable increase in incidence and prevalence for this type of fracture, especially among those of older age was noted between the 1950s and 1980s [6] . It is well known and frequently reported that the vertebral body fracture causes pain, disability and has a negative effect on the patient's health-related quality of life (QoL) [2, 8-10, 13, 15, 19, 20, 30, 34, 39, 41, 46, 49, 51, 53] . Both pro-and retrospective data suggest that the deterioration of health after a vertebral fracture can last for many years and with sequel that usually are worse than for the other bone fragility fractures [29, 30, 34, 45] . It has also been noted that many patients, mainly women, with numerous fractures have never come to clinical attention [14, 22] . Socalled subclinical vertebral fractures have been found to exert only a moderate effect on the patient's QoL. Not surprisingly, it has likewise been noted that the time since the fracture occurred is of importance for the reported QoL, irrespective of age [1, 4, 9] . The most negative influence of subclinical fractures has been reported in the domains of pain, general health, and social and physical functioning [3, 38] . The effect on QoL of the vertebral fracture was prospectively studied in two Swedish studies. These studies suggested that this fracture type had a more negative and long-lasting impact on the patient's QoL than any other type of osteoporotic fracture, including the hip fracture [8, 30] .
Several different instruments for determining the effect on the QoL, such as SF-36, SF-12, or EQ-5D, have been used for patients with vertebral body fractures [2, 3, 8, 9, 40, 44, 51, 57] .
In spite of the high incidence and prevalence of this fracture type, surprisingly little is known about its longterm course. Generally it has been believed that the problems related to this type of fracture are self-limiting. The pain after an acute vertebral compression fracture for example, has been reported as intense at the fracture site up to 4-6 weeks, and turning into chronic pain only in patients with multiple compression fractures, height loss, and low bone density [52] . It has also been reported that spontaneous pain, measured using a visual analog scale, did not decrease significantly until day 15, but had decreased by approximately 40% when measured at day 30 [26] . Others have found that acute fracture pain decreased by 22% at day 7, and by 33% at day 14 [42] .
There is considerable uncertainty about the frequency, extent and severity of the acute pain and even more about the duration of pain, the magnitude of disability and how much daily life is disturbed in the post-fracture period.
Although several studies have evaluated large samples of patients with non acute vertebral fractures, the aim of the present study was to prospectively evaluate the course over 12 months of non-surgically treated acute vertebral compression fractures on pain, disability, ADL, and QoL.
Materials and methods
All patients over 40 years of age who were admitted to the emergency unit at Sahlgrenska University Hospital, Gothenburg, Sweden because of back pain and had a radiologically acute vertebral fracture which resulted from a low energy trauma were eligible for the study. Patients with an acute fracture in an earlier fractured spine were also included. The study was conducted from December 2003 to November 2006.
Excluded were those with any other type of acute fracture (forearm, hip etc.), fracture/fractures related to malignancy, infection or any other bone disease, except osteoporosis, that could affect the mechanical integrity of the vertebrae in the lumbar or thoracic spines. The presence or suspicion of more than one acute fracture excluded from the study.
Within 10 days after the visit to the hospital's emergency unit, all eligible patients received written information about the study and an invitation to participate. The patients who agreed to participate received a first questionnaire at the latest 3 weeks after the fracture had been diagnosed and then after 3, 6 and 12 months. The questionnaires were self explanatory and intended to be used for postal surveys. The patients returned the filled-in questionnaires which seemed to make later comparisons unlikely. The questionnaires described below were used in the study; all of the questionnaires were used at each of the four follow-up times.
Questionnaires von Korff pain intensity and disability questionnaires
This instrument is self-administered and was designed and validated for use among patients with among others back pain outside the hospital setting [55, 56] . It includes three pain intensity and four disability items. The three pain items ask the patient to rate the back pain intensity right now, the worst pain and the average pain since the start of the pain problem where 0 is ''no pain'' and 10 is ''pain as bad could be''. The Pain Intensity score is calculated as the average of the three 0-10 ratings multiplied by 10 to yield a 0-100 score. Three of the disability items also have a 10-graded response possibility. One item is about the interference of the back pain on the daily activities ranging between 0, ''no interference'' and 10, ''unable to carry on any activities'' and two are about how the back pain has changed the ability to take part in family, social or recreational activities, or the ability to work (including household) both ranging between 0, ''no change'' and 10, ''extreme change''. The fourth disability question asks about the number of days the subject, due to the pain, has been kept from the usual activities during the last 6 months. This fourth question is not used in this study. The Disability score is calculated as the average of three 0-10 interference ratings in daily, social and work activities multiplied by 10 to yield a 0-100 score [55, 56] . The scores have been used in several international and Swedish studies of long-term back pain [32] (see Appendix).
Hannover ADL score
This questionnaire is also self-administered and consists of 12 items. It assesses functional limitations in activities of daily living (ADL) among patients with musculoskeletal disorders. Item examples are; ''Can you wash and dry yourself from head to toe?'' and ''Can you raise yourself from a lying position?'' The response alternatives are three (circle one); 1. Either unable to do or able only with help (score = 0), 2. Yes, but with some difficulties (score = 1), or 3. Yes, without difficulties (score = 2). The 12 items are scored, summed and transformed on to a scale from 0 (worst back function) to 100 (best back function [37] . The questionnaire has been used in several international and Swedish studies of long-term back pain [32] (see Appendix).
EQ-5D
This is a generic health-related quality of life measure. It provides a single index. The individuals classify their own health status into five dimensions: mobility, self-care, usual activity, pain/discomfort and anxiety/depression within three levels (i.e. no problems, moderate problems and severe problems). The instrument yields a total of 243 possible health states, and the Time Trade Off method is used to rate the different states of health. The value 0 indicates ''dead'' and 1 indicates ''full health'' [16, 17] . Negative values are possible and represent conditions worse than dead. In Sweden, the instrument has been validated on extensive cohorts of back pain patients and of ages similar to those expected in the present study [11] .
Spinal radiographs
Lateral and frontal view radiographs of the spine were taken at the first visit to the hospital's emergency unit, when there was a suspicion of an acute vertebral body fracture as the cause of the back pain. The presence of an acute fracture was primarily decided by the attending radiologist. For the purpose of the study, two experienced spine surgeons separately re-evaluated the radiographs. The acute vertebral body fracture was determined based on: (1) the existence of a fracture deformation compared with the normal neighboring vertebrae, (2) pain at or near the fracture deformation, (3) an evident sharp edge in the deformed region [5] and (4) no callus formation at the fractured vertebra [5] . The type of fracture was determined as wedge, concave, or crush [48] and the grade of fracture was assessed according to the emiquantitative method by Genant et al. [23] [24] [25] . In questionable cases, previous or subsequent imaging examinations e.g. MR were used to confirm or reject the presence of the acute fracture. In cases of divergent opinions, the cases were discussed and consensus reached.
Preventive treatment
A total of 14 of the 107 patients reported that they had taken medication during the year prior to the actual fracture to increase their bone mineral.
Statistical analysis
The SPSS statistical software program was used for analyzing the data.
Parametric tests, independent or paired t tests were used for parametric scale variables. Differences between groups were analyzed with parametric methods. Nominal variables were tested using the Chi-square test. For comparison of repeated measurements, repeated ANOVA was used. If the repeated ANOVA was significant, the Bonferroni/Dunn procedure was used as a post hoc test. All tests were twosided. The results were considered to be significant at P \ 0.05.
Ethical approval
The study was ethically approved by the Research Ethical Committee of the Medical Faculty, Gothenburg University, 17 June 2003 (S 270-03).
Results

Study population
A total of 341 patients were invited to participate in the study. A total of 67 of those actively refused to participate due to old age and/or co-morbidities as the main reasons. A total of 122 patients did not respond to the invitation, thus were excluded. Five patients had died within the weeks after the fracture episode. A total of 147 patients accepted to participate. Among the 147 patients, 110 answered the questionnaires at all four of the follow-ups; 29 patients did not answer the 1 year follow-up questionnaires in spite of three reminders, and 8 patients died during the 1 year follow-up. Three of 110 patients underwent vertebroplasty during the follow-up period and were excluded. The final analysis included 107 patients followed for 1 year.
Due to internal missing data in the response to von Korff's disability score, six patients had to be excluded from the analysis of this particular instrument.
The average age for those refraining from participation, irrespective of reason, was 81.1 years (SD 13.2) which was older (P \ 0.05) than for those included in the study. There was no difference between the proportion of women and men in the two groups (P [ 0.05).
Patient characteristics
The characteristics of the patients included in this study are presented in Table 1 . There was no age difference between men and women (P [ 0.05). There was no difference at any time during the follow-up in any of the outcome measures between those with a known trauma causing the fracture (fall, lift, undefined trauma or traffic accident) and those without such a trauma or between the patients that after the fracture waited differently long before they visited the emergency unit. Better ADL and higher QoL after one year was found among the patients immediately returning home than among those hospitalized (P \ 0.05).
Fracture location
The acute fractures diagnosed in this study were located between Th6 and L4, and were most frequent at the thoracolumbar junction (Fig. 1) .
Pain, disability, ADL and Quality of life
The main outcome measures at 3 weeks, and 3, 6 and 12 months after the osteoporotic vertebral fracture are shown in Table 2 and Fig. 2. von Korff pain intensity score As can be seen in Fig. 2 , the average pain intensity reduced during the first 3 months to just above 60 (P \ 0.001) and remained at this rather high level even at the 1-year followup (P [ 0.05). Through the follow-up, the women consistently reported more pain than the men, although the differences were statistically significant only at 3 months.
When the initial pain intensity for each individual was grouped into quartiles, 50 patients (46.7%) belonged to the fourth quartile with a pain intensity between 75 and 100, 54 patients (50.5%) belonged to the second and third quartiles and only 3 patients (2.8%) to the lowest quartile with a pain intensity less than 25 (Fig. 3) . The biggest shift in pain intensity between the acute state and the 3-month followup was among those in the highest quartile (worst pain). After 12 months, less than 10% of the patients had a pain intensity below 25, while 81 patients (75.7%) still experienced a pain intensity over 50.
von Korff disability score Disability like pain intensity showed the largest improvement between 3 weeks and 3 months but unlike pain intensity the disability score continued to improve until 6 months (P \ 0.021) (Fig. 2) .
Hannover ADL score
Hannover ADL score improved with more than ten units between the first and second follow-ups (P \ 0.000). Except for the 6-month follow-up the men reported statistically significant better ADL than the women (P \ 0.05).
EQ-5D
Initially, average quality of life, as measured using EQ-5D, for all patients was 0.37 (SD 0.37). In comparison to this initial value, improvement was shown at all three subsequent follow-ups (P \ 0.000). Even if improved the EQ-5D remained low after 3 months with an average value of 0.52 (SD 0.38) at the 1-year follow-up. The gender-differentiated quality of life paralleled each other to a great extent, but with a statistically significant higher value for the men only after 3 months (P \ 0.041). Except among those younger than 70 years of age, the EQ-5D values tended to deteriorate at the 6 and 12 months follow-ups. When EQ-5D was divided into five dimensions (mobility, self-care, usual activity, pain/discomfort, and anxiety/depression) and analyze the percentage of the patients who had moderate or severe problem, the pain/ discomfort was the most dominant deteriorated dimension (Fig. 4) .
Fracture location Fig. 1 The location of the fracture in the 107 patients 
Discussion
The problems accompanying a vertebral body fracture are generally regarded as self-limiting within weeks or a few months and as having a good prognosis, at least for the majority of the fractured [47, 52] . The results of the present study revealed a contrasting view. By following individual patients from the fracture occurrence and up to 1 year, it was found that this fracture was the starting point of a longlasting painful and disabling health condition that strongly reduced the patient's health-related quality of life. Since the large majority of the cohort members received nothing but symptomatic pain medication, general mobilization, and activity recommendations, it is reasonable to assume that the current findings closely represent the natural course of an acute vertebral body fracture.
Pain
The initial pain intensity recorded 2-3 weeks after the occurrence of the fracture was lowered during the first 3 months, but remained on a high level for the rest of the 1-year follow-up. The initial average pain intensity, as measured with von Korff's pain intensity score was high and reflected to some extent the initial fracture pain (70.9, SD 19.3). The pain intensity after 6 months and 1 year remained at a high level. It was of the same magnitude as the average pain intensity in a Swedish cohort of men and women who were fully work disabled for more than 3 months due to back [32] . Although not directly transferable, the pain intensity after a whole year in the fractured patients (average 60.5) was just as severe as the preoperative pain in the patients included in the Swedish National Spine Register subsequently undergoing surgery for lumbar disc herniation (VAS: back 45, leg 64) or central spinal stenosis (VAS: back 55, leg 61) [54] . It has been argued that 84% of clinically diagnosed fractures are associated with pain and that around half of those with a radiologically identified fracture have any symptoms [50, 52] . The present study showed that more than 97% reported a pain intensity of a severity that usually is regarded as clinically significant (Fig. 3) . Since pain most likely was the main reason for visiting the emergency unit, it is likely that all the patients experienced acute pain in direct relation to the fracture and probably also more pain than what was reported in the first questionnaire administered 2-3 weeks after the occurrence of the fracture. After 1 year, only around 10% reported no or very little pain while almost 76% still had pain intensity regarded as severe (Fig. 3) . From a pain aspect, the current results revealed a situation much worse and more frequent than indicated before [50] . In the US one-third of all the annually estimated 700,000 osteoporotic vertebral body compression fractures are believed to develop chronic pain [47] . The findings in the present study suggest that more than acquire severe pain, lasting at least 1 year after this type of fracture. This finding is corroborated by another Swedish study where it was noted that in more than 70% of the women, the occurrence of a vertebral body fracture was the beginning of a painful condition that could last at least up to 22 years [34] .
Disability and ADL
The patient's disability rating pattern was quite similar to that for pain. In comparison to age-matched patients with non-osteoporotic chronic low back pain, it was found that the disability was greater among those with a vertebral fracture [38] . In the present study, considerably lower values (worse) for disability and ADL were noted at all follow-ups in comparison to large cohorts of patients from six different countries with disabling low back pain [32] . When the impairment after a vertebral fracture was analyzed in 1,010 women 6 years after the fracture, it was found that those with a previous fracture had up to seven times greater odds of reporting difficulties with a variety of activities than those without [28] . Similarly, it was noted that the odds of impaired ADL (defined as problems with C3 physical or instrumental ADLs) were 2.3 times higher among those with an earlier clinically diagnosed vertebral fracture [18] . It has also been found that impairment of ADL does not have to be related to the presence of pain, particularly not in patients with two or more prevalent fractures [36] .
EQ-5D
The initial QoL, measured with EQ-5D, was quite low and similar or worse than what has been noted for long-lasting disabling low back and neck pain and comparable to the preoperative levels for both a lumbar herniated disc and central spinal stenosis [32, 35, 54] . In a wider context than problems of the spine, the 3, 6 and 12-month EQ-5D values among the fractured patients found in the present study were similar or lower than the values found preoperatively in patients with hip and knee osteoarthritis, undergoing subsequent total joint replacement [31] . In comparison to the average EQ-5D value of 0.52 reported 1 year after the fracture in the present cohort, the corresponding values in hip fracture patients 1 year after total hip replacement surgery was 0.73 and after internal fixation surgery was 0.63 [7] . The EQ-5D values in the population of the city of Stockholm for the age groups Fig. 4 The frequency of those reporting moderate or severe problems in the five dimensions of EQ-5D at the four follow-ups represented in this study have been found to be just above 0.80 [11] .
The worsening trend between 6 and 12 months was noticeable not only in the quality of life recordings, but also for pain and disability as well, and seemed to emphasize the profound negative and lasting effect of this fracture [46] . In another Swedish cohort study, it was noted that all of the SF-36 dimensions were significantly lowered, even 2 years after a vertebral body fracture, which was worse than after a hip fracture [30] .
Treatment
The findings in the present study revealed that the treatment strategy which recommended as normal and early physical activity as possible seemed to have quite questionable positive effects. Presently we do not know whether strict or partial immobilization of the fractured spine is a more adequate treatment or not. In two Japanese studies, it has been suggested that in order to prevent collapse, deformity and lasting pain, the acute fracture must be diagnosed early and treated with a rigid external fixation, e.g. a hard brace or a body cast [21, 58] . At the same time, it is well understood that there is a need for early mobilization since bed rest and inactivity more or less inescapably will lead to muscle waste and rapid bone mineral loss from the already fragile vertebrae [27, 33] . The unsatisfactory long-term prognosis for the great majority of patients with a vertebral fracture suggest that the reportedly successful pain-relieving interventions like vertebro-and kyphoplasty can possibly be employed on a much wider scale.
Limitations
Accuracy of X-ray assessment
The assessment of prevalent or incident vertebral fractures from spinal radiographs is sometimes quite difficult. In cases with minimal fracture deformation, there is frequent disagreement about whether a fracture is present or not. Some of the difficulties are the result of the variations in shape from one vertebra to another and also between individuals. To distinguish whether a fracture is incident or prevalent can be even more complicated, especially for patients with severe osteoporosis and multiple compression fractures. Some patients who present with back pain of sudden onset are erroneously diagnosed as having acute vertebral fractures when in fact the deformity has been present on earlier films [50] .
Since an acute fracture in the present study was determined through clinical signs and plain X-rays, it is a risk that some fractures interpreted as acute might rather have been relatively old.
Another explanation for the presence of relatively old ''new'' fractures was the fact that almost 17.8% of the patients in the study had their fracture diagnosed 1 month or more after the fracture occurred (Table 1) .
Since, in most cases, only one X-ray examination was evaluated it is possible that new fractures during the study year could have contributed to the problems during the post-fracture year.
Lack of controls and old age
Only the post-fracture situation is known. For this reason it is possible that some of the patients due to co-morbidity, for example, had an already deteriorated health-related quality of life subsequently made worse by the new fracture. The study did not include any controls without a spinal fracture. That is to some extent compensated by the fact that the scores used e.g. EQ-5D and Hannover ADL have age stratified population data.
The most important reason for the high number of non responders was old age. Since this fracture type especially involves older patients, this apparent weakness of the study is hard to overcome.
Conclusions
Hitherto, the vertebral fragility fracture generally has been regarded as a condition with self-limiting problems and as having a relatively positive prognosis. This study revealed, on the contrary that the vertebral fragility fracture has a severe impact on pain, disability, ADL, and QoL and that the fracture is the beginning of a deterioration of the patients health lasting at least for a year. 12. Can you run 100 m fast without stopping in order to catch a bus?
Those questions were answered by following score.
0. Either unable to do or able only with help. 1. Yes, but with some difficulties. 2. Yes, without difficulties.
Hannover ADL score = (total score)/(2 9 (number of valid answers)) 9 100.
